Introduction
Understanding the process of structural change has been a central focus of development economics from Lewis (1954) , Kuznets (1973) , Chenery et. al. (1986) to Lucas (1988 Lucas ( , 2004 , among others. Most of the theoretical and empirical literature on structural change and longrun evolution of an economy focuses on the transition from a predominantly agrarian and rural economy to an industrialized and urban one (Chenery et. al., 1986; Locay, 1990 ; Laitner, 2000 ; Lucas, 1988; Buera and Kaboski, 2006; Matsuyama,2005) . For a large number of developing countries where agriculture still predominates the economic landscape, the issue of structural transformation within agriculture-from a traditional subsistence based agriculture to more specialized and market oriented one-is, however, equally important. This is because structural transformation of an economy into more diversified non-agricultural (non-farm and industrial) activities is frequently triggered by productivity growth and increasing commercialization and specialization in agriculture (Johnson, 2000; Rogerson, 2002, 2006) . This paper presents an empirical analysis of structural change within agriculture with a focus on the role played by the extent of the market.
The idea that the extent of market is a principal driving force behind specialization dates back at least to Adam Smith (Smith, 1776) . 1 In this classic Smithian account, a larger market allows greater division of labor and specialization by ensuring adequate demand for specialized skills and products. The more recent literature has underscored the importance of a large market in the adoption of increasing returns technologies that facilitates greater specialization in intermediate inputs and leads to higher economic growth (Murphy, Shleifer, and Vishny, 1989; Rodriguez-Clare, 1996; Ciccone and Matsuyama, 1996) . 2 An implication of this literature is that there is a monotonic relationship between the extent of the market and the degree of specialization. The recent literature on the 'stages of diversification', 1 "As it is the power of exchanging that gives occasion to the division of labor, so the extent of this division must always be limited by the extent of that power, or, in other words, by the extent of the market" (Smith, A, 1776, Book I, Chapter III). See also Stigler (1951) . 2 The positive influence of market size on specialization implies a positive correlation between initial income and subsequent growth of a country. Ades and Glaeser (1999) , using cross country growth regressions, finds strong positive correlation between initial income and subsequent economic growth particularly for relatively closed economies. These results are further confirmed by Alcala and Ciccone(2003) . 1 however, uncovers non-linearity in the process of specialization. According to this literature, the production structure initially becomes more diversified as per capita income grows; and only after a threshold level of income is reached, the production structure becomes more specialized (Imbs and Wacziarg, 2003, Kalemli-Ozcan et. al. 2003 ). This inverted U pattern in stages of diversification holds both in the aggregate economy and within the manufacturing sector. This literature, however, does not address the pattern of structural change within the agricultural sector.
In the context of agriculture, a farmer's decision to grow certain crop(s) and to participate in the market is governed, among other things, by her/his perceived price and yield risks and subsistence considerations ("survival first"). Apart from its role in facilitating greater division of labor a la Adam Smith, the extent of market has important implications for the price risk faced by the farmers both in input (e.g. fertilizer and pesticide) and output markets.
When the relevant urban market is small, the price risk is likely to be high due to imperfect matching in a thin market. This induces farmers to stick with subsistence farming in an attempt to avoid starvation. An increase in the extent of the market leads to higher and relatively less volatile price for non-staple crops. This might induce the farmers to allocate some land to non-subsistence crops, but the subsistence considerations along with price and yield risks in an environment where insurance markets are missing force farmers to adopt a more diversified crop portfolio rather than complete specialization in non-subsistence crops.
When the extent of market reaches a threshold, the price risk is reduced significantly due to better matching. Proximity to a large urban center may also open up possibilities for better risk bearing capacity through access to formal credit and insurance markets. Moreover, a large urban market allows scale economies in both production and marketing of non-cereal crops like fruits and vegetables. The twin forces of lower price risk and increasing returns in production and marketing (transport and storage) when strong enough can induce the farmers to start specializing in the non-subsistence crops production for the urban market.
The interplay of subsistence and risk considerations and the scale economies thus implies that the relationship between agricultural specialization and the extent of market is likely to be non-linear. 3 We use data from the Nepal Living Standard Survey (NLSS) of 1995/96 to uncover the role played by the extent of the market in agricultural specialization and commercialization at the village level. Crop agriculture in Nepal, like many other developing economies, is characterized by low degree of commercialization and specialization on average. There are, however, striking differences among villages in terms of the level of agricultural development covering the entire range from completely specialized production of non-staple crops to nearly complete subsistence agriculture. The stark geographical differences in Nepal also resulted in large variation in sizes of the urban centers (from population of 10,000 in smaller towns to 421,000 in the capital city Kathmandu in 1991). These large variations in the level of agricultural development along with that in access to and size of urban markets enable us to empirically characterize the relationship between agricultural specialization and the extent of the market. The results based on the Nepalese data are, however, of more general interest as they are likely to be applicable to many other developing countries which are characterized by relative isolation of rural areas due to poor infrastructure as well as low level of agricultural development. 4 We analyze two dimensions of structural change: the pattern of product diversification (crop specialization), and the degree of market production as opposed to home production (i.e., commercialization of agriculture). The pattern of crop specialization is measured by Herfindahl index of concentration of cropland use, and by the share of land devoted to noncereal crops. Sales of non-rice crops and all crops as a percentage of total production are taken as measures of commercialization. Empirical estimation of this paper introduces several improvements. First, as opposed to the standard practice of defining market as the nearest urban center, we allow for the possibility that villagers may be trading at multiple urban centers. We define the extent of the market as an average of the gravity measures of all the markets where villagers may trade. The gravity measure itself is defined as a ratio of urban market size measured by its income level and some non-linear transformation of the distance to that market center. Second, the extent of the market is instrumented using geographic characteristics to allay any concerns regarding potential reverse causation. Finally, in addition to parametric regression analysis, this paper utilizes semi-parametric techniques to uncover the nonlinearity in the effects of the extent of market on agricultural specialization.
The parametric regression results show that the extent of the market has a statistically significant (at 1 percent level) positive effect on land allocated to non-cereal crops and on crop sales. In the case of Herfindahl index of concentration of cropland use, the effect of a larger market is negative, but lacks statistical significance (not significant at 5 percent level).
The semi-parametric estimation indicates that the relationship between Herfindahl index and market size is U-shaped. In contrast, the relationship is monotonically upward sloping in the case of share of land allocated to non-cereal crops as a function of the market size. The relationship between sales of non-cereal (non-staple) crops and market size is monotonically increasing with no significant evidence of nonlinearity. These results imply that when the farmers have access only to small urban markets, the production structure in a village economy tends to be specialized in subsistence agriculture with most of the land devoted to a single subsistence crop (rice in case of Nepal) and only a limited degree of commercialization. As the extent (size) of the market increases, the portfolio of crops in a village economy becomes more diversified initially. However, after the market size reaches a threshold, the production structure starts to specialize again. This evidence on the stages of agricultural diversification thus mirrors the stages of diversification identified in the recent literature for the economy as a whole and also for the manufacturing sector (Imbs and Wacziarg, 2003) .
Our results also show that there is a monotonically increasing relationship between the degree of market participation (commercialization) among the households in a village and the extent of the relevant urban market. To the best of our knowledge, this paper provides the first evidence on the stages of agricultural specialization as it relates to the extent of the (urban) market 5 . 5 Although there is a large literature on the role of urban market in agricultural specialization, the focus of that literature is on the access to urban markets (see, for example, Jacoby, 2000; Shilpi 2003, and 2005) . For more general discussion on the role of urban markets in agricultural diversification and 4
The rest of the paper is organized as follows. Section 2 describes the simple conceptual framework underpinning the empirical analysis. Section 3 provides details about the data base used in the empirical analysis. Section 4, organized in a couple of subsections, presents the main empirical analysis and results. The paper is concluded in Section 5.
Conceptual Framework
To explore the relationship between market size and agricultural specialization, we start with the simple 'gravity model' which can be expressed as:
Where D i is the distance to the urban market center relevant for village i, M i is the size of that market, X i is a vector of other relevant control variables and u i is the error term.
The vector y z is a vector of dependent variables which in our case includes different measures of specialization and commercialization, to be defined precisely in the following paragraphs.
In its simplest form, the gravity model is then estimated in a semi-log-linear specification as the following:
The estimation of equation (2) we extend the traditional definition of gravity measure and define the effective market size for village i as:
where m ij is the market size of urban center j and 1, 2, .., K are the urban centers where villagers trade, and ω ij is the weight of urban center j.The weight for each market j is defined as:
where d ij is the distance from village i to urban center j. We assume that ∂δ(.) ∂d ij < 0 and
These assumptions about the functional form of δ(.) imply that farther market centers are given smaller weights compared with the closer market centers. We assume that (3), we have:
where g ij is the gravity measure widely utilized in studying the effect of market size on international trade flows. The effective market size for village i, as defined in equation (4) . We also check robustness of our empirical results using alternative specification of the weight function. The empirical specification of M e i requires prior knowledge about K, the number of urban centers relevant for a village. As villagers may go to different markets for trading different products, empirical estimation is done for different values of K in order to establish robustness of our empirical results.
Using the semi-log formulation again, the estimating equation can be specified as:
The linear specification in equation (5) 1981, Islam and Thomas, 1996) . When the relevant urban market is small, the price risk is likely to be higher due to imperfect matching in a thin market. This is especially important for non-staple (non-cereal) produce like fruits, vegetables and spices for which the extent of market is much more limited in a typical developing country because of the Engel's Law. This implies that a farmer facing a small urban market might not specialize in the production of high risk and potentially high return non-subsistence crops like fruits and vegetables although she might be willing to devote some land to such crops at the margin. When the extent of market reaches a threshold, the price risk is reduced significantly because of better matching in a thick market. A larger market also ensures adequate demand for large scale production and higher profit for non-staple crops. The higher profit may be due to more favorable prices for both inputs and output, and adoption of increasing returns technology and agglomeration effects. 6 A large urban market allows scale economies in marketing of non-cereal crops like vegetables (fixed costs in transportation and storage by the wholesale traders) which in turn translates into better prices for farmers if entry into marketing of agricultural goods is not restricted. Another important point is that access to large urban areas means that the rural households have access to a rich set of markets including credit (banks) and insurance markets. As is well known, farmers are likely to behave in a risk averse fashion when markets are incomplete, especially when credit and insurance markets are missing (Newbery and Stiglitz, 1981) . A more complete set of markets allows the farmers to take more production risk and devote more land to non-subsistence and cash crops. The interplay of subsistence and risk considerations, urban demand pattern and scale economies is likely to result in a non-linear relationship between agricultural specialization and the extent of the market.
Equation (5) can be modified to allow for flexible functional form with respect to market size as the following:
where g z () is expected to be a non-linear function of M e ji . However, the estimation of equation (5) This, however, does not take into account of the fact that the pattern of consumer demand in a city depends critically on the level of income of its population. According to the Engel curve relationship, poor people tend to spend a higher proportion of their income on staples relative to the non-poor. Moreover, with an increase in income, demand for non-staples rises more sharply than the demand for staples. Thus, it is the level of urban income which is likely to exert discriminating influence on demand for different agricultural crops and consequently on agricultural specialization. Despite the presence of a positive and significant correlation between income and population density within an urban center, population density as an indicator of urban demand is likely to be imperfect at best. We thus use the total urban income as a measure of the extent of the market.
As to the vector of dependent variables y z i in equation (4), three measures of agricultural specialization and commercialization are analyzed in this paper. First, we define a Herfindahl index of concentration of crop land use as: 7
where l jh is the amount of land devoted to crop h in village j, l j is the total amount of land farmed in village j and H is total number of crops grown. Notice that if all land in a village is devoted to one crop, then specialization index S j is equal to unity. The more the number of crops grown in a village, the lower is the value of S j . After controlling for crop suitability and land quality, a complete specialization (S j = 1) could result from all land being devoted to non-cereal crops due to commercialization of agriculture. It could also be associated with Table 1 provides the summary statistics for different measures of agricultural specialization and commercialization. The Herfindahl index (HI), defined in equation (7), is constructed from the cropping pattern observed at the village level. As already noted, the index takes a value of unity if all land in a village is devoted to a single crop and declines in value with an increase in the number of crops grown in a village. The median of the Herfindahl index is about 0.27 (mean=0.31). There are, however, considerable variations in the level of specialization across villages covering the entire spectrum from complete specialization (HI=1) to highly diversified cropping patterns. Our second measure of specialization (nonsubsistence specialization) is the share of land devoted to production of relatively high value non-cereal crops (fruits, vegetables, oilseeds, spices, cash and other crops). According to Table 1 , cereal crops dominate the cropping pattern. On average, less than a third of total land during dry season is used to produce non-cereal crops, the median is smaller about 0.25.
However, there is considerable variation across villages, ranging from no land to all land allocated to non-cereal crops. 8 Our final measure relates to commercialization of agriculture which captures the structural change away from home to market production emphasized in the recent literature (see, or example, Gollin et, al. 2002 Gollin et, al. , 2006 . Specifically, the shares of production of all crops and non-rice crops sold in the market are taken as measures of commercialization. 9 According to Nepal where a town is defined as a settlement of more than 10, 000 inhabitants. We first compute the distance between each surveyed ward/village and each of these towns. Distances are normally taken along existing roads, except when roads do not exist, in which case we calculate the shortest arc distance to the nearest road, and then the distance to various cities along the road. Distances are then converted into travel time using available information about trucking and walking speeds along various types of roads in Nepal. 10 Off the road travel is assumed to take place by foot -a reasonable assumption for Nepal given the nature of the terrain. The median distance from surveyed wards to nearest town is about 2 hours and 21 minutes. The mean distance is however much higher; about 4 hours and 26 minutes, because a number of villages are located far off from nearest towns (Figure 2a) . Indeed, about 14% of villages are located at least 10 hours or more from the nearest town, the farthest one being about 29. 
Empirical Results
We present the empirical results in a sequential manner starting with the simple gravity specification as in equation (2) and then proceeding to equation (5) . To isolate the effects of the extent of the market, we control for a rich set of factors that may determine agricultural specialization at the village level including a wide variety of village level characteristics.
The set of explanatory variables includes average household size and composition (share of adult female members, share of children, share of old etc.) in the village. 12 In the sales regressions, the household size and composition variables control for possible subsistence considerations whereas in the case of land allocated to non-cereal crops and of Herfindahl index of concentration of cropland use, they control for labor supply and gender specialization.
The average education level of adult male and adult female in the village are also introduced as possible controls for average human capital in the village. The dependent variables in the sales regressions are already normalized by production levels. In addition, we include a number of farm characteristics that can influence farm productivity and hence sales. The average characteristics of owned land at the village level are used as explanatory variables instead of that of operated land. These characteristics include size of owned landholding, a number of characteristics of owned land including land quality (share of khet land which is especially suitable for rice production, share of irrigated land, share of land of different soil quality such as awal, dwaim or sim), number of farm animals (cows and buffaloes), and value of farm equipments. We also include dummies for different agro-ecological belts (Mountains, hills etc.). The average per capita consumption expenditure of the village is introduced to control for possible impact of local demand as well as level of local development. In order to control for access to credit, we included two regressors: whether there is a bank in the village, and the average remittance income of the households residing in the village.
The parametric regression equations (2) and (5) can be estimated using Ordinary Least Square (OLS). 13 The simple OLS regressions however ignore possible endogeneity of the 1 2 The omitted category is share of adult male. 1 3 In all of the regressions reported in this paper, the standard errors are corrected for heteroskedasticity. 13 market size; larger urban areas may be supported by better agricultural potentials of the surrounding areas. In addition, access to market is likely to be endogeneous as the placement of roads may be targeted to areas with better agricultural potential. To correct for the potential endogeneity problem, we rely on instrumental variable (IV) estimation. The regressors capturing the effect of the extent of market in equation (2) and (5) cities from all of the sampled wards/villages is the dependent variable in the second instrumenting regression. 14 The predicted values from these two regressions are used to define the relevant market size variables using the same formulas as those used in equation (2) 
and (5).
The predicted market size variable is then used as the instrument for the actual variable in the IV estimation of equation (2) Following the recent literature, the identifying instruments in the preliminary regression for log of urban income are derived from physical/geographic characteristics of the district in which the city/town is located (see, for example, Frankel and Romer, 1999, Fafchamps and Shilpi, 2005) . The set of instruments includes log of size of the district in square kilometers, log of its arable land area, log of the distance to nearest river, and the mean and standard deviation of elevation within the district. We also include as regressor a dummy if the district is in the mountaineous part of the country. The area of the district is included as bigger district may support larger population and hence higher total urban income. Arable land proxies for food production potential and distance to navigable part of the nearest river for ease of access. Elevation controls for climatic condition as towns are unlikely to be located in higher elevation. The mountain dummy as well as standard deviation of elevation control for roughness of the terrain. The regression result is reported in Appendix Table A.1. The R 2 of the regression is 0.43. The strong multicollinearity of the regressors, however, led to none of the individual regressor being statistically significant (mean variance inflation factor=8.7) although they in general have expected sign.
Travel time between a village and a town is instrumented using foot travel time as well as physical characteristics of the village/ward and town. The foot travel time is computed using iso-elevation curves to account for the mountainous nature of the terrain. The regression result is reported in appendix Table A Table 2 reports the regression results based on our simplest specification implied by the standard gravity model outlined in equation (2) . Also, the standard definition of relevant market as the total income of the nearest city/town is adopted. The upper panel reports the results when equation (2) is estimated by OLS. The market size variable is statistically significant with expected positive sign only in the regression for share of land allocated to non-cereal crops. The travel time to the nearest city/town has the expected negative sign in all regressions except for that of Herfindahl index. This access to market variable is also statistically significant in all regressions except for Herfindahl index. 15 The results from IV regressions are presented at the lower panel of Table 2 . The instruments used for travel time to nearest town/city and income of that town/city are predicted travel time to nearest city and predicted income of the nearest town/city from the preliminary instrumenting regressions reported in Table A The results in Table 2 suggest that the conventional gravity model does not perform well in identifying the effect of market size on agricultural specialization. Except for non-subsistence specialization index (share of cropland used in non-cereal crop production), the regression results indicate no significant influence of access to nearest urban center or its income on agricultural specialization and commercialization. This may not be entirely unexpected in view of the fact that the nearest town/city is not necessarily the market that a farm household trade with most intensively. In the following section, we report the results when the definition of effective market size is broadened to include urban areas beyond nearest urban town/city.
Preliminary Results

The Extent of the Market, Crop Specialization and Commercialization
The weight function which assigns weights to income of urban centers located at different distances play a critical role in defining the effective market size faced by the farm households in a village. There is, however, little guidance from the available empirical literature as to what a suitable weight function should look like. We rely mainly on the traditional gravity formulation to define the weights. We then check the sensitivity of our results using alternative formulation of the weight function. Our first definition of the effective market size correspond to that given in equation (4) where we assume that K = 34. The weak instrument test based on the Cragg-Donald F statistic also resoundingly rejects the null hypothesis that instruments are weak instruments. The overidentification tests also confirm the validity of the instruments used in the IV regressions; the largest value of Hansen's J-statistics is 1.57 with a P-value of 0.21. Table 3 reports the results regarding the effect of the extent of the market. According to Panel A in Table 3 , the extent of the market has now statistically significant effect in nearly all regressions, contrary to the findings based on the standard gravity model ( Table 2 In order to tests whether our results regarding the effect of the extent of the market is sensitive to assumption about the weight function, we re-estimate equation (5) using an alternative definition of the weight function. We assume that effect of distance declines at an exponential rate, giving us the following formula for defining the effective market size:
The uppermost panel (A) of
The estimates from the IV regressions are reported in Panel B of Table 3 and production risks are among the most important factors influencing farm households cropping and market participation decisions. Because of the critical influence of price risks, the relationship between the extent of market and agricultural specialization is likely to be non-linear. In the following section, we explore this possibility using semi-parametric technique.
Non-Linearity and Stages of Specialization
A semi-parametric specification of equation (6) can be used as the basis for exploring the nonlinearity in the relationship between market size and different measures of agricultural specialization. Equation (6) assumes that the relationships between dependent variable y z i and explanatory variables in vector X zi takes parametric form. We utilized the semi-parametric estimation technique proposed by Robinson (1988) and Yatchew(1998) to estimate the function g z (.) which describes the relationship between y z i (measures of specialization and commercialization) and M eA i (market size). The estimator involves stepwise procedure to estimate g z (.). At the first step, y z i and all explanatory variables in vector X zi are purged off the effect of M eA i using standard non-parametric kernel regressions. Next, the residuals generated from the kernel regressions are then used to estimate the coefficient vector ∧ γ z . The effects of explanatory variables in vector X zi are then taken out of y z i using estimated coefficient vector ∧ γ z . Finally, a standard kernel regression is run with residual of y z i from the preceding step as the dependent variable and M eA i as the explanatory variable. This final kernel regression provides the estimate of g z (.). We follow this stepwise procedure with one modification. To correct for the possible endogeneity of M eA i , we use the standard control function approach and include residual from the first stage regression as an additional explanatory variable in the semi-parametric regression.
The estimated g z (.) functions along with its 95% confidence intervals are plotted in Figure   3 A comparison of the two curves shows that for the entire range of urban income, the curve for non-rice sales lies above that for all crops including rice. This is consistent with the Engel curve prediction that non-rice crops face a higher income elasticity relative to rice, a subsistence crop. Figure 4 also points to slight flattening of the curves at high level of urban market size. However, confidence interval at this high levels of urban market size is very large raising concerns about the statistical significance of this portion of the curve.
Consistent with the case of Herfindahl index, the 95% confidence interval is wide at higher values of the extent of market in all of the other graphs. This prompts us to check the statistical significance of the non-linearity found especially in the case of Herfindahl index.
To this end, we re-estimate all regressions by adding a square of the extent of the market term in the parametric specification in equation (5) . This squared term is instrumented using the square of the predicted extent of the market variable. We also include interaction of this term with a dummy for Terai region as an additional instrument. The IV diagnostics show that the instrument set is acceptable both in terms of relevance and exogeneity criteria. The IV regression results are reported in Table 4 . In the regression for Herfindahl index, the level and square of the extent of the market variable have now become highly statistically significant at 1 percent level. The signs of these two terms also confirm that the relationship between the extent of the market and agricultural specialization is U shaped. In the case of percentage of land devoted to non-cereal crops, the squared term is not statistically significant. This confirms the semi-parametric results that the relationship between land allocated to noncereal crops and the extent of the market is nearly linear. In the sales regressions, addition of squared term renders both level and squared terms individually statistically insignificant at 5 percent level perhaps due to multicollinearity. Comparison with the results in Table 3 shows that the relationship between sales and the extent of the market can be more suitably described as linear.We also checked robustness of our results by repeating the semi-parametric and parametric analysis in the case where the extent of the market is measured by M eB i . The results are nearly identical.
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The convex relationship between the Herfindahl index of cropland use and market size may appear puzzling at first sight. However, if this curve is compared with that for share of land area planted with non-cereal crops, the reason becomes apparent. The higher values of Herfindahl index at lower levels of urban market size is due to the fact that the households in villages with access to smaller markets are basically self-sufficient and thus specialize in cereal crops. As market size faced by a village increases, it starts producing wider range of crops resulting in lower value of the Herfindahl index. However, as market size crosses a threshold, an increase in market size encourages more specialization with villages specializing more and more in non-cereal crops. This is consistent with the findings reported in Imbs and Wacziarg(2003) . With access to only small markets, subsistence considerations predominate and land is used primarily to produce subsistence cereal crops. This is corroborated by the fact that there is little commercialization of agriculture when villages have limited access to largest markets. When the village has access to larger markets, diversified consumer demand in the urban areas induce farmers to allocate more land to high value non-cereal crops. As market size increases further, it ensures more stable trading opportunity and a reduction in the price uncertainty for the non-subsistence crops thereby allowing farmers to specialize in non-subsistence crops (e.g. fruits and vegetables).
Conclusions
The process of structural change that transforms a traditional subsistence based self-sufficient village economy into a more market oriented and specialized one is an important part of the long-run evolution of an economy (Locay, 1990; Gollin et. al., 2002) . This transformation process is of great importance to a majority of the developing countries where agriculturestill the mainstay of economic activity-is characterized by low levels of commercialization and specialization. Policy makers in these countries grapple with ways to accelerate the trans- The paper demonstrates the importance of market size in inducing agricultural specialization and commercialization. This evidence confirms the crucial role of improving farmers' access to markets, through investment in transport infrastructure and removal of barriers to trading both at the domestic and international level. Robust t statistics in parentheses * significant at 10%; ** significant at 5%; *** significant at 1% Sales as % of production 
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